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ABSTRACT

PURPOSE High densities of tumor infiltrating CD3 and CD8 T-cells are associated with
superior prognosis in colorectal cancer (CRC). Their value as predictors of
benefit from adjuvant chemotherapy is uncertain.

PATIENTS AND
METHODS

Tumor tissue from 868 patients in the QUASAR trial (adjuvant fluorouracil/
folinic acid v observation in stage II/III CRC) was analyzed by CD3 and CD8
immunohistochemistry. Pathologists, assisted by artificial intelligence, cal-
culated CD3 and CD8 cell densities (cells/mm2) in the core tumor (CT) and
invasive margin (IM). Participants were randomly partitioned into training and
validation sets. The primary outcomewas recurrence-free interval (RFI), 2-year
RFI for assessment of biomarker-treatment interactions. Maximum-likelihood
methods identified optimal high-risk/low-risk group cutpoints in the training
set. Prognostic analyses were repeated in the validation set.

RESULTS In the training set, the recurrence rate in the high-risk group was twice that in
the low-risk group for all measures (CD3-CT: rate ratio [RR], 2.00, P 5 .0008;
CD3-IM: 2.38, P < .00001; CD8-CT: 2.17, P 5 .0001; CD8-IM: 2.13, P 5 .0001).
This was closely replicated in the validation set (RR, 1.96, 1.79, 1.72, 1.72, re-
spectively). In multivariate analyses, prognostic effects were similar in colon
and rectal cancers, and in stage II and III disease. Proportional reductions in
recurrence with adjuvant chemotherapy were of similar magnitude in the high-
and low-recurrence risk groups. Combining information from CD3-IM and
CD3-CT (CD3 Score) generated high-, intermediate-, and low-risk groups with
numbers needed to treat (NNTs) to prevent one disease recurrence being 11, 21,
and 36, respectively.

CONCLUSION Recurrence rates in the high-risk CD3/CD8 groups are twice those in the low-risk
groups. Proportional reductions with chemotherapy are similar, allowing NNTs
derived in QUASAR to be updated using contemporary, nonrandomized data sets.

INTRODUCTION

Approximately 80% of patients with stage II colorectal
cancer (CRC) and 50% of those with stage III disease are
cured by surgery alone.1 Adjuvant chemotherapy improves
5-year disease-free survival (DFS) by around 14 per-
centage points in stage III disease, whereas controversy
remains regarding the more modest benefits in stage II
disease.1,2

Various clinicopathological indicators of inferior prognosis—
pT4, poor tumor differentiation, lymph node yield <12,
lymphovascular invasion, tumor perforation, or bowel
obstruction—are used in stage II disease to improve patient
selection for chemotherapy.1,3-7 However, although these
factors are moderately prognostic, they do not predict
sensitivity to adjuvant chemotherapy.1,3-7 Circulating tumor
DNA (ctDNA) postsurgery indicates increased recurrence
risk.8-10 However, again, whether chemotherapy benefits
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only those with detectable ctDNA has not yet been deter-
mined.11 Novel predictors of chemotherapy efficacy are
therefore needed.

The immune system plays a major role in modulating
cancer progression. Colorectal tumor infiltration by a va-
riety of different immune cell types correlates with better
prognosis,12 of which CD3 (universal T-cell marker) and
CD8 (cytotoxic) T-cells are the best studied and have
provided the most consistent results. Indeed, in a recent
meta-analysis, CD3 and CD8 infiltration were associated
with superior survival in both the core tumor (CT) and the
invasive margin (IM) across all eligible studies and all
stages of disease.12

Mounting evidence suggests that chemotherapy efficacy
may in part be mediated through modulation of local and
systemic immune mechanisms.13,14 In preclinical models,
chemotherapy has been shown to increase activation
of immune effector cells, inhibit regulatory T-cells, and
increase immunogenicity.15-17 With respect to fluoropyr-
imidines specifically, selective depletion of immunosup-
pressivemyeloid-derived suppressor cells has been observed
in vivo,18 and after neoadjuvant treatment in rectal cancer,
densities of CD3 and CD8 T-cells in the tumor stroma are
known to increase.19 High baseline densities of tumor in-
filtrating CD3 andCD8T-cellsmay therefore be beneficial for
chemotherapy efficacy. However, although there is strong
evidence for a prognostic effect of these markers, whether
they predict sensitivity to adjuvant chemotherapy is
unclear—with conflicting results from previous studies in
non–randomly assigned cohorts.20-23

The QUASAR trial is the largest trial of adjuvant chemo-
therapy versus observation in CRC, having randomly
assigned 3,239 patients, 91% of whom had stage II disease.2

It provides an ideal data set in which to test the ability of
immune biomarkers to predict benefit from adjuvant che-
motherapy. We have previously developed a deep learning
cell classification algorithm to compute the densities of CD3
and CD8-stained T-cells within the CT and IM. Using this
technology, we present here a prospectively planned, ret-
rospective analysis of the QUASAR trial, investigating the
relationship between CD3/CD8 cell densities in the CT/IM
and recurrence and whether they predict benefit from ad-
juvant chemotherapy.

PATIENTS AND METHODS

In QUASAR, 3,239 patients with CRC (91% stage II) were
randomly assigned between chemotherapy and observation
across 150 sites in 19 countries between May 1994 and De-
cember 2003.2 Participants had complete primary tumor
resection, no distant metastases, and uncertain need for
adjuvant chemotherapy. Consenting participants were
randomly assigned to 6 months of 5-fluorouracil and folinic
acid chemotherapy (n 5 1,622) or observation alone (n 5

1,617). Radiotherapy for rectal cancerswas as per the treating
physician.

QUASAR was managed by the Universities of Oxford and
Birmingham, United Kingdom and overseen by a trial
steering committee, adhering to Good Clinical Practice
guidelines and the Declaration of Helsinki. Ethical approval
for this translational study was granted by the North East

CONTEXT

Key Objective
Are CD3 and CD8 tumor infiltrating lymphocyte densities prognostic in early-stage colorectal cancer (CRC), and do they
predict benefit from adjuvant chemotherapy? This is the first such predictive evaluation in a randomized data set with
observation-only control.

Knowledge Generated
CD3/CD8 densities were strongly prognostic, with recurrence rates in high-risk groups twice those in low-risk groups. Both
high- and low-risk groups saw proportional reductions in recurrence with adjuvant chemotherapy of similar magnitude. CD3
Score combines information from CD3 densities in the core tumor and invasive margin. Number needed to treat with high-
risk CD3 Score was 11, compared with 36 for low-risk CD3 Score.

Relevance (E.M. O’Reilly)
The authors report on a prognostic tool (CD3 Score) using a CD3/CD8 tumor infiltrating lymphocytes artificial intelligence
algorithm in a older large randomized trial in early stage CRC. This relatively simple tool has potential clinical application
and warrants further investigation.*

*Relevance section written by JCO Associate Editor Eileen M. O’Reilly, MD.
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York (08/H0903/62) and University of Leeds research ethics
committees (MREC 19-018).

Eligibility

Randomly assigned QUASAR participants with sufficient
archival formalin-fixed paraffin-embedded tumor tis-
sue for immunohistochemical (IHC) analysis were
eligible. Exclusion criteria were synchronous tumors,
nonadenocarcinoma/mucinous carcinoma, and assay failure
(tissue loss/artifact not corrected by repeat staining).

Outcome Measures

For prognostic analyses, the primary outcome was
recurrence-free interval (RFI) over the whole follow-up
period. To enhance statistical power, recurrence at
2 years was the primary end point for predictive analyses
comparing treatment benefit, as the effects of chemo-
therapy in QUASAR were seen in this period with no sub-
sequent gain or loss of benefit.2 RFI is defined as the time
in days from random assignment to first CRC recurrence
or death due to CRC. Deaths from other causes without
recorded recurrence were considered censoring events.
Patients without events were censored at the date last
known to be recurrence free.

Immunohistochemistry

Three 4-mm tissue sections were cut onto Superfrost Plus
slides (VWR, Lutterworth, United Kingdom) and stained
separately with anti-CD3 (2GV6; Roche Diagnostics Solu-
tions [RDS], Tucson, AZ) and anti-CD8 (SP239; RDS) rabbit
monoclonal antibodies, and hematoxylin and eosin (H&E;
Mayer’s hematoxylin; Scott’s tap water substitute as the
bluing reagent). IHC was performed using a BenchMark
ULTRA instrument (RDS).

Digital Image Analysis

Digital slide images were generated using a VENTANA
DP200 scanner. Pathologists (RDS), blinded to treatment
allocations and outcomes, annotated the CT and IM on
CD3-stained sections. CD3 annotations were transferred to
adjacent CD8 images via image registration algorithms.
A deep learning cell classification algorithm identified
CD31 and CD81 cells in the CT and IM. Digital analysis re-
ported the tissue area and detected T-cell counts, yielding
cell densities (cells/mm2).

Statistical Analysis

Baseline patient characteristics were compared between
treatment arms using two-tailed t-tests (continuous vari-
ables) and Mantel-Haenszel tests (categorical variables).
Patient characteristics were compared with the whole trial
population using the same tests. SAS version 9.2was used for
all analyses (SAS Institute, Cary, NC).

Prognostic Analyses

This study set out to analyze tissue from 850 QUASAR
participants (approximately 520 with colon and 330 with
rectal cancer). Before IHC review, patients were randomly
partitioned into two equal-sized training and validation
subsets. Optimal cutpoints to divide tumors into high- and
low-recurrence risk groups by CD3-CT, CD3-IM, CD8-CT,
and CD8-IM cell densities were developed in the training
set using maximum-likelihood methods.24-27 Cutpoints
developed in the training set were then tested in the
validation set.

For both the training and validation sets, log-rank analyses
of the primary end point (RFI) were used to compare the rate
of recurrence in high- and low-recurrence risk groups, with
a two-fold higher recurrence rate in the high- versus low-
risk group considered clinically important. A two-sided P
value <.05 was considered significant. With 425 patients in
the training set, of whom approximately 24% would have
recurred, there was more than 95% power to detect a two-
fold recurrence ratio between high- and low-recurrence risk
groups, assuming approximately half of the tumorswould be
categorized as high-risk and half as low-risk. It was decided
a priori that, should the prognostic value of the cell densities
be similar in both the training and validation sets, the re-
lationship between cell density and rate of recurrence would
be reported in both treatment arms combined, allowing the
detection of lesser differences in prognosis between the
high- and low-risk groups: with 850 patients, there would
be 90% power to detect a 50% higher recurrence risk.

Log-rank methods were used to investigate whether rela-
tionships between cell densities and rate of recurrence
remained significant after controlling for individual clinico-
pathological covariates (age, primary tumor location, nodal
involvement, number of nodes examined, pathologic T stage,
tumor grade, mismatch repair [MMR] status, lymphatic
and/or vascular invasion), with P < .01 considered signif-
icant for tests of heterogeneity.

Predictive Analyses

Cutpoints developed in prognostic analyses were taken
forward to predictive analyses. For predictive analyses, the
proportional reductions in recurrence (recurrence rate
ratio [RR]) were compared between high-risk and low-risk
groups, with estimates of absolute chemotherapy benefit
at 2 years given for each group. A log-rank test was used
to assess the significance of the biomarker-treatment
interaction.

Sensitivity Analyses

Since adjuvant chemotherapy is not recommended in MMR-
deficient (dMMR) stage II colon cancer and, in QUASAR,
chemotherapy was ineffective in those age 70 years or older,
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predictive analyses were repeated in the subset of patients
age <70 years with MMR-proficient (pMMR) or MMR-
unknown tumors.

RESULTS

Study Material

Tumor tissue from 531 (61%) colon cancers and 337 (39%)
rectal cancers was selected at random from the QUASAR
tissue bank (Fig 1) and analyzed by CD3 and CD8 IHC (Fig 2).
In total, 2,358 of 3,239 randomly assigned patients had
tissue available. Patients with tissue were slightly older
(mean age 62 v 60 years) and more likely to have colon and
stage III cancers. Outcomes were slightly better in those
patients in the tissue bank (hazard ratio [HR] for recur-
rence, 0.80 [95% CI, 0.69 to 0.93]; Data Supplement,
Table S1, online only).

Tissue samples selected were enriched for rectal cancer to
increase the power to examine differences by tumor site. No
other factors were significantly associated with selection.
Outcomeswere not different between the two groups (HR for
relapse, 1.04 [95% CI, 0.87 to 1.23]; Data Supplement, Table
S2). Samples were randomly partitioned into training and
validation sets. Demographic and clinical characteristics
were balanced between the two groups. CD3-CT cell density
was successfully evaluated in 851 (98.0%), CD3-IM in 833
(96.0%), CD8-CT in 849 (97.0%), and CD8-IM in 820
(94.5%) patients.

Association of Cell Density Measures With Outcomes

Optimal cell density cutpoints were defined in the training
set using maximum-likelihood methods. For CD3-CT, this
produced a cutpoint of 318 cells/mm2, with 172 (40%) pa-
tients classified as high recurrence risk. The cutpoint was
798 cells/mm2 for CD3-IM (290 [69%] patients in high-risk
group), 81 cells/mm2 for CD8-CT (246 [58%] patients in
high-risk group), and 186 cells/mm2 for CD8-IM (259 [63%]
patients in high-risk group; Data Supplement, Fig S1).

In the training set, the recurrence rate in the high-risk group
was at least twice that of the low-risk group for all measures
(CD3-CT: RR, 2.00 [95% CI, 1.33 to 2.94], P 5 .0008; CD3-IM:
2.38 [95% CI, 1.59 to 3.57], P < .00001; CD8-CT: 2.17 [95% CI,
1.59 to3.57],P5 .0001; CD8-IM:2.13 [95%CI, 1.43 to 3.23],P5

.0001; Figs 3A, 3C, 3E, 3G). The two-fold higher recurrence
rate in the training set was closely replicated in the validation
set (CD3-CT: RR, 1.96 [95% CI, 1.30 to 2.94], P 5 .002; CD3-
IM: 1.79 [95%CI, 1.18 to2.70],P5 .005; CD8-CT: 1.72 [95%CI,
1.18 to 2.56], P5 .005; CD8-IM: 1.72 [95%CI, 1.15 to 2.56], P5

.008; Figs 3B, 3D, 3F, 3H; Data Supplement, Fig S2).

As the prognostic effect of each measure was similar in the
training and validation sets, the two cohorts were combined
to investigate whether any associations between the high-
risk and low-risk groups and other patient or tumor char-
acteristics might partly or wholly explain the association
with recurrence. The proportions of tumors with high-risk
CD3 and CD8 scores were similar in the training and

Patients with complete resection of colon or rectal
cancer and uncertain indication for adjuvant chemotherapy

randomly assigned within the QUASAR trial
(N = 3,239)

Randomly selected from QUASAR tissue bank (n = 868 total)
and analyzed for CD3 and CD8 IHC in the CT and IM

• Colon cancer cases (n = 531)
• Rectal cancer cases (n = 337)

IHC successfully performed:
• CD3-CT: (n = 427; 98.6%)
• CD3-IM: (n = 420; 97.0%)
• CD8-CT: (n = 425; 98.2%)
• CD8-IM: (n = 411; 94.9%)

Randomly assigned to the training set (n = 433 total)
• Colon cancer cases (n = 265)
• Rectal cancer cases (n = 168)

Randomly assigned to the validation set (n = 435 total)
• Colon cancer cases (n = 266)
• Rectal cancer cases (n = 169)

R
1:1

IHC successfully performed:
• CD3-CT: (n = 424; 97.5%)
• CD3-IM: (n = 413; 94.9%)
• CD8-CT: (n = 424; 97.5%)
• CD8-IM: (n = 413; 94.9%)

FIG 1. CONSORT diagram demonstrating a breakdown of the study sample. CT, core of the tumor; IHC, immunohistochemistry; IM,
invasive margin.
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A BCD3+ CD8+

DC CD8-CTCD3-CT

FE CD8-IMCD3-IM

FIG 2. Representative IHC images of CD31 and CD81 T-cells in the tumor microenvironment of colon
cancer—(A) CD3-stained whole tissue sections were manually annotated to outline the CT (red line) and
the IM (orange line); (B) CT and IM annotations were transferred onto adjacent CD8-stained sections
through an image registration algorithm; (A and B) whole tissue sections and (C-F) magnified regions are
shown. Insets show algorithmic cell-by-cell classification of CD31 and (continued on following page)
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validation sets and in those allocated chemotherapy and
control. High-risk scores were, however, somewhat more
likely in rectal than colon cancer, in stage III than stage II, in
tumors with vascular invasion, and in pMMR than dMMR
tumors (Data Supplement, Table S3). There was no signif-
icant association between CD3/CD8 densities and sex,
T-stage, tumor grade, or RAS or BRAF status.

In the combined training and validation sets, the strength of
the prognostic effect of each marker in each region was
broadly similar, although CD3-IM had the marginally
strongest prognostic effect (Chi-square 18.9, P < .0001) and
then CD8-CT (18.4, P < .0001), CD3-CT (16.8, P < .0001), and
CD8-IM (14.7, P < .0001). The strength of association of CD3-
IM with recurrence was also least affected by adjustment for
the other density measures (Data Supplement, Fig S3).
Figure 4 shows recurrence RRs for high versus low CD3-IM
risk groups stratified by various patient and tumor char-
acteristics. The relationship between CD3-IM and RFI
remained undiminished and highly significant after ad-
justment for these potential confounders. The associations
of the other cell density measures with RFI were also un-
affected by adjustment for other variables (Data Supple-
ment, Figs S4-S6).

Predictive Analyses

In each of the cell density risk groups, there were similar
reductions in 2-year recurrence in those allocated adjuvant
chemotherapy compared with those who were not (Fig 5).
Tests for interaction showed no suggestion of differences in
the proportional reduction achieved with chemotherapy
(CD3-CT: Pinteraction 5 .9; CD3-IM: Pinteraction 5 .7; CD8-CT:
Pinteraction 5 .8; CD8-IM: Pinteraction 5 .5). There remained no
predictive effect of any marker after exclusion of patients
with dMMR disease and those age 70 years or older (data not
shown).

CD3 Score: Incorporating Information From
Multiple Markers

All markers were well correlated with each other but, nev-
ertheless, a proportion of patients were classified as having
high recurrence risk with one marker but low with others
(Data Supplement, Fig S7).We therefore examined the utility
of combining information from more than one marker to
refine the prognostic effect. Given the similar prognostic
strengths of each marker and to generate the most practical
test for potential use in routine clinical practice, we chose to
combine CD3-IM with CD3-CT (hereafter, CD3 Score), thus
requiring use of a single antibody and analysis of a single IHC
slide. By assessing patients with high recurrence risk by both
markers, high recurrence risk by one but not both markers,

and low recurrence risk by both markers, three risk groups
were generated, with 306 (37%), 259 (31%), and 267 (32%)
of the 832 patients with IHC results classified as high-,
intermediate-, and low-risk by CD3 Score, respectively. The
5-year risk of recurrent disease was 10% for the lowest-risk
group, 22% for the intermediate-risk group, and 30% for the
highest-risk group (Fig 6A). Given that QUASAR chemo-
therapy reduced 2-year recurrence by 42%, with similar
proportional reductions in the high-, intermediate-, and
low-risk groups (Fig 5), the number of patients needed to
treat (NNT) with adjuvant chemotherapy to prevent one
recurrence of disease in the first 2 years was therefore 11 for
the high-risk group, 21 for the intermediate-risk group, and
36 for the low-risk group (Table 1). The strength of the
prognostic effect of the CD3 Score in comparison with other
clinicopathological indicators of recurrence risk is sum-
marized in the Data Supplement (Fig S8), showing that only
the nodal status had a stronger influence on RFI.

The prognostic associations were equally strong when
considering only the subgroups of stage II patients with low
and high recurrence risk according to routinely reported
clinicopathological criteria (Figs 6B and 6C). The absolute
difference in 5-year recurrence risk between the high- and
low-risk CD3 Score groups was 19% (26% v 7%) in stage II
patients considered low recurrence risk by standard clini-
copathological criteria and 18% (32% v 14%) for those
considered high risk. By comparison, the difference in 5-year
recurrence risk for stage II patients considered at high and
low recurrence risk by standard clinicopathological criteria
alone was just 8% (24% v 16%) or 9% (22% v 13%) when
patients with rectal cancer were excluded (Data Supplement,
Fig S9).

DISCUSSION

In this study of tissue from the QUASAR trial, high CD3 and
CD8 tumor infiltrating lymphocyte (TIL) densities in both
the CT and IM were strongly associated with reduced tumor
recurrence risk postsurgery. However, in this first rigorous
evaluation of the predictive effect of these biomarkers, CD3
and CD8 densities did not predict chemotherapy sensitivity,
with the proportional reductions in recurrence with che-
motherapy nearly identical in high and low recurrence risk
groups. However, as the 5-year recurrence risk in high-risk
tumors was twice that in low-risk tumors, the absolute
reductions in recurrence with chemotherapy were also about
twice as large for high-risk as compared with low-risk
tumors.

The tumor node metastasis (TNM) classification has been
used to guide treatment decisions in CRC for more than
50 years29 However, significant variability in recurrence risk

FIG 2. (Continued). CD81 T-cells (red dots). T-cell densities were quantified (cells/mm2) for eachmarker in
each region. CT, core tumor; IHC, immunohistochemical; IM, invasive margin.
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CD3 core training data
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FIG 3. Ten-year recurrence risks for CD3 CT and IM high-risk and low-risk groups: (A and C) training and (B and D) validation sets.
Ten-year recurrence risks for CD8 CT and IM high-risk and low-risk groups: (E and G) training and (F and H) validation sets. CT, core
tumor; IM, invasive margin.
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Marker

Recurrences/Patients

Low−Risk High−Risk

Statistics

(O−E) Var.

OR and 95% CI

(low-risk:high-risk)

Sex

Female 14/103 62/200 −14.3 17.7 0.45 (0.28, 0.71)
Male 26/178 99/352 −19.3 28.8 0.51 (0.35, 0.74)

Subtotal 40/281 161/552 −33.7 46.5 0.48 (0.36, 0.65)

2P < ·00001

Test for heterogeneity between subgroups: �2
1 = 0.2; P = .6; NS

Site:

Right colon 15/119 37/149 −9.5 12.9 0.48 (0.28, 0.83)
Left colon 14/92 55/203 −9.7 15.2 0.53 (0.32, 0.87)
Rectum 11/64 63/179 −10.4 15.1 0.50 (0.30, 0.83)

Subtotal 40/275 155/531 −29.6 43.2 0.50 (0.37, 0.68)

2P < ·00001

Test for heterogeneity between subgroups: �2
2 = 0.1; P = 1.0; NS

Tumor stage

I 0/7 2/13 −0.7 0.4 0.22 (0.01, 4.07)
II 34/251 124/467 −25.4 37.0 0.50 (0.36, 0.69)
III 6/16 28/49 −4.2 0.55 (0.27, 1.16)

Subtotal 40/274 154/529 −30.3 44.5 0.51 (0.38, 0.68)

2P < ·00001

Test for trend between subgroups: �2
1 = 0.2; P = .7; NS

T stage

1-3 27/240 127/452 −31.2 36.1 0.42 (0.30, 0.58)
4 13/34 27/77 0.6 1.07 (0.55, 2.10)

Subtotal 40/274 154/529 −30.5 44.6 0.50 (0.38, 0.68)

2P < ·00001

Test for heterogeneity between subgroups: �2
1 = 6.0; P = .01

Nodal status

Node −ve <8 examined 13/60 50/159 −6.3 13.3 0.62 (0.36, 1.06)
Node −ve 8-11 examined 12/77 32/131 −4.9 10.3 0.62 (0.34, 1.14)
Node −ve 12+ examined 7/105 38/163 −11.9 11.0 0.34 (0.19, 0.61)
Node +ve 6/16 28/49 −4.2 0.55 (0.27, 1.16)

Subtotal 38/258 148/502 −27.4 41.7 0.52 (0.38, 0.70)

2P = ·00002

Test for heterogeneity between subgroups: �2
3 = 2.8; P = .4; NS

Vascular invasion

No 37/254 129/466 −25.6 38.9 0.52 (0.38, 0.71)

Yes 3/20 25/63 −5.0 0.41 (0.18, 0.94)

Subtotal 40/274 154/529 −30.7 44.6 0.50 (0.37, 0.67)

2P < ·00001

Test for heterogeneity between subgroups: �2
1 = 0.3; P = .6; NS

Grade

Well differentiated 2/17 17/46 −3.7 0.40 (0.15, 1.06)
Moderately differentiated 34/225 122/437 −23.6 36.2 0.52 (0.38, 0.72)
Poorly differentiated 4/32 15/46 −4.0 0.42 (0.17, 1.06)

Subtotal 40/274 154/529 −31.2 44.8 0.50 (0.37, 0.67)

2P < ·00001

Test for heterogeneity between subgroups: �2
2 = 0.4; P = .8; NS

Tumor bud count

Highest bud count 0-4 4/40 10/50 −2.7 0.46 (0.16, 1.32)
Highest bud count 5-9 3/21 7/17 −2.6 0.34 (0.10, 1.20)
Highest bud count 10+ 6/22 22/64 −2.3 0.67 (0.30, 1.52)

Subtotal 13/83 39/131 −7.6 11.7 0.52 (0.29, 0.93)

2P = ·03

Test for trend between subgroups: �2
1 = 0.4; P = .5; NS

MMR status

Deficient 4/47 6/30 −2.3 0.38 (0.10, 1.36)

Proficient 34/222 140/465 −27.3 39.6 0.50 (0.37, 0.68)

Subtotal 38/269 146/495 −29.6 41.9 0.49 (0.36, 0.67)

2P < ·00001

Test for heterogeneity between subgroups: �2
1 = 0.2; P = .7; NS

RAS status

All WT 15/137 58/222 −14.2 17.5 0.44 (0.28, 0.71)
Any mutant 17/77 55/164 −7.9 15.3 0.60 (0.36, 0.98)

Subtotal 32/214 113/386 −22.1 32.8 0.51 (0.36, 0.72)

2P = ·0001

Test for heterogeneity between subgroups: �2
1 = 0.7; P = .4; NS

BRAF status

WT 30/194 108/365 −21.2 32.2 0.52 (0.37, 0.73)
Mutant 3/24 5/28 −0.8 0.69 (0.17, 2.75)

Subtotal 33/218 113/393 −22.0 34.2 0.53 (0.38, 0.73)

2P = ·0002

Test for heterogeneity between subgroups: �2
1 = 0.2; P = .7; NS

7.1

8.5

7.1

5.7

4.0

4.6

3.4
2.4
5.8

2.3

2.0

Unstratified 40/281 161/552 −33.4 46.5 0.49 (0.37, 0.65)

0·0 0·5 1·0 1·5 2·0

Low−Risk Better High−Risk Better
Effect 2P < ·00001

FIG 4. Ratio of recurrence rates in the low versus high-risk groups based on tumor margin (IM) CD3 densities, stratified by sex, site, TNM stage,
T-stage, number of nodes examined, presence or absence of vascular invasion, tumor grade, tumor budding count, MMR status, and RAS and BRAF
status. IM, invasive margin; MMR, mismatch repair; TNM, tumor node metastasis.
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exists within stage groups.1 The tumor immune microen-
vironment plays an important role in modulating CRC
progression,30 suggesting that an accurate assessment of the
immune response to tumors might provide useful supple-
mentary information. To date, it has not been possible to
agree a unified approach to such assessments, with themain
concerns being how best to strike a balance between sim-
plicity, value of information, and reproducibility—although
common approaches have been proposed.31,32 In melanoma,
quantification of TILs on an H&E-stained slide is already
incorporated into the staging system,33 where a simple
three-point scale of absent, nonbrisk, or brisk is used.34

However, debate continues as to whether this is the opti-
mal method of categorization, noting issues with interob-
server variability despite the simplicity of the scale35,36—an
area where artificial intelligence technologies might provide
a solution.

CD3/CD8 densities have been most studied as prognostic
biomarkers in CRC, and results across studies show con-
sistent associations.12 One well-established IHC-based
method of CD3/CD8 TIL assessment is the Immunoscore,
which is strongly associated with DFS in stage I-III colon
cancer.37 This study adds to thefield by testing the predictive

OR & 95% CI

(chemotherapy:no chemotherapy)
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FIG 5. Rate ratios for 2-year recurrence for chemotherapy versus no chemotherapy stratified by CD3 and
CD8 risk groups.
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FIG 6. Five-year recurrence rates by CD3 Score (three risk groups defined by CD3-IM and
CD3-CT): both high-risk, one high-risk, and both low-risk for (continued on following page)
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effect of CD3/CD8 densities on benefit from adjuvant
treatment in a randomized data set—a necessary step to fully
evaluate the clinical applicability of the biomarkers.

A previous predictive analysis of Immunoscore in a non–
randomly assigned cohort of patients who did/did not re-
ceive adjuvant chemotherapy during routine care suggested
that high Immunoscore (low recurrence risk), but not low
Immunoscore,might be associatedwith time-to-recurrence
benefit from adjuvant chemotherapy.20 In our analysis,
chemotherapy produced similar reductions in recurrence
regardless of CD3/CD8 density, suggesting that the earlier
study may have had inadequate power to detect chemo-
therapy benefit in the smaller Immunoscore-low subgroup.

Although there are reports to suggest chemotherapy may
have either beneficial or deleterious effects on the tumor
immune microenvironment,38-41 our findings are consistent
with the lack of a clear biological rationale for an interaction
between tumor immune cell infiltration and chemotherapy
efficacy. There is a clearer rationale and evidence to support
an interaction between the tumor immune contexture and
immunotherapy efficacy, for which dMMR status is a well-
established proxy measure.42-44 CD3/CD8 densities were
higher in dMMR than pMMR tumors in this study but, as in
earlier studies,37,45 the prognostic effects of CD3/CD8 den-
sities were independent of MMR status. Interestingly, IHC-
based measures of interactions between tumor and immune
cells are now showing promise in predicting benefit from
checkpoint inhibition in CRC,46 including in pMMRdisease,47

warranting further study.

Adjuvant treatment decisions are most complex in stage II
pMMR colon cancer, where risks and benefits are finely

balanced. Here, the prognostic value of the CD3 Score sub-
stantially outperformed that of current standard clinico-
pathological prognostic factors. A high-risk CD3 Score could
therefore be used to identify a subset of patients with stage II
pMMR disease and no additional risk factors where adjuvant
chemotherapy might have relevance. Conversely, patients
with stage II disease and high-risk features or stage III
disease (both higher recurrence risk groups) with a low-risk
CD3 Scoremight wish to consider observation, particularly if
elderly or frail.

Information regarding the tumor immune contexture
might similarly complement that obtained from ctDNA
testing. In the DYNAMIC trial, 85% of patients were ctDNA
negative, and among these, standard clinicopathological
risk markers remained strongly prognostic.11 CD3 Score in
addition to ctDNA and clinicopathological assessments
might provide optimal risk stratification. A further role for
the CD3 Score might be in patient selection for neoadjuvant
chemotherapy, a limitation of which is imprecision in ra-
diological staging.48

Strengths of this study are use of tissue from QUASAR, the
largest randomized trial of adjuvant chemotherapy versus
observation in CRC, and internal validation using training
and validation sets.

A limitation is the age of QUASAR, originally published in
2007. Current surgical and pathology standards are superior
to those in place at the time of data collection. Indeed, stage
II colon cancer recurrence risk was shown to have roughly
halved between 2004-2008 and 2014-2019 in a recently
published Danish cohort study.49 With no similar data sets to
QUASAR including an observation-only control, an external
validation of the findings presented here is not possible.
However, the consistency of the prognostic effect of the CD3
Score across both QUASAR treatment groupsmeans the NNT
derived here can be appropriately adjusted usingmore recent
nonrandomized data.

In summary, CD3/CD8 TIL densities provide a strong indi-
cation of recurrence risk after surgery for CRC. Proportional
reductions in recurrence achieved with adjuvant chemo-
therapy are similar in high and low recurrence risk groups.
Hence, as the 5-year recurrence risk in high-risk tumorswas
twice that in low-risk tumors, the number of low-risk pa-
tients needed to treat to prevent one recurrence is about
twice the number of high-risk patients—information cli-
nicians and patients may find useful in routine practice.

FIG 6. (Continued). (A) all with assessments; (B) just those with MMR-proficient, stage II
tumors, and no risk factors (T4, poorly differentiated, vascular invasion, or <8a nodes ex-
amined); (C) MMR-proficient, stage II tumors, and one or more risk factors. aIn QUASAR,
patients with 8-11 lymph nodes examined had similar recurrence risk to those with ≥12
examined and so 8-11 lymph nodes examined were not considered a high-risk characteristic.
CT, core tumor; IM, invasive margin; MMR, mismatch repair. Gray et al.28

TABLE 1. NNTWith Chemotherapy to Prevent One Recurrence Within 2
Years by CD3 Score (combined CD3-IM and CD3-CT) Risk Group

CD3 Score

Recurrences Within
2 Years, No. (%)

NNTChemotherapy Control

CD3 Score-high risk (n 5 306) 20/140 (14.3) 39/166 (23.5) 11

CD3 Score-intermediate risk
(n 5 259)

9/131 (6.9) 15/128 (11.7) 21

CD3 Score-low risk (n 5 267) 5/130 (3.8) 9/137 (6.6) 36

All risk groups (n 5 851) 34/401 (8.5) 63/431 (14.6) 16

Abbreviations: CT, core tumor; IM, invasive margin; NNT, number
needed to treat.
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